Abstract-Sensor networks are gaining popularity in pervasive environment for tracking events such as habitat monitoring, weather monitoring, hazard detection etc. These sensor nodes are very much power constrained and therefore requires energy efficient protocol to well manage their energy resources. An architecture based on biologically-inspired (botany) mobile agent based sensor (BIMAS) is proposed to tackle the energy issues of sensor networks. BIMAS handles the energy issues by exploiting mobile agents that communicates with static sensor nodes and forwards sensed data to a base station. The introduction of mobile agents brings benefit in terms of shifting routing issues away from sensor nodes to mobile agents. The advantage of BIMAs can be shown in terms of efficient energy resources, faulttolerance and efficient handling of hole problems.
INTRODUCTION
Sensor networks are to be deployed randomly, form a network by itself, perceive the environment and sense real world data and forward required details back to the base station. Due to the resource limitations such as battery power, sensor networks observe frequent failure [1] . Failure in sensor network can be categorized as node level failure and system level failure. And they are further categorized into software or hardware reasons, communication link unavailability, contention in medium access as well as routing failure. And among these, routing failure needs careful attention as routing become an important element in Wireless Sensor Network (WSN).
Routing in WSN faces many challenging issues and needs further research challenges to provide efficient communication. Some of these challenges are categorized as node deployment -deterministic or self-organizing systems, efficient energy consumption for communications, fault tolerance, scalability, data aggregation, quality of service etc [6] . Among those challenges mentioned regarding self-healing routing, energy efficiency is considered to be the main issue. A solution is discussed below to further look into energy aware routing protocol for self-healing in WSN.
II. METHODOLOGY
As sensor nodes are highly resource constrained, energy efficient communication becomes one of the main issues to be dealt with. As in sensor network, transmission of data between nodes incurs the highest energy consumption followed by the distance as energy consumed is directly proportional to the square of the distance between the sender and receiver. So distance in sensor network should be given prior importance in order to reduce energy consumption. One of the potential problems with current routing protocols is that, it looks for lowest energy route and uses that route for every communication. And this causes energy depletion along the path as this is not good for network lifetime [3] . Moreover energy depletion at sensor nodes may reduce the network lifetime and eventually leads to routing hole. This is one of the main issues to be addressed and can be overcome by proposed BIMAS architecture, a mobile WSN, which will be discussed later. As stated by [6] , one of the major advantages of mobile WSN over static WSN is its efficient energy utilization. In static WSN, nodes closer to the sink tend to deplete energy first since these are the nodes utilized the most. And this actually leads to routing hole within the areas closer to the sink. Whereas the mobile WSN proposed in this paper chooses an optimal mobility pattern so that nodes closer to the sink are not utilized the most and this will prevent routing hole. The entire data aggregation and forwarding of data to a base station is taken care by mobile nodes itself.
A. Three-tier Sensor Network with Mobile Agent
In this paper a new architecture (BIMAS) is proposed for energy constrained wireless sensor network. BIMAS is a three-tier architecture which comprises of three layers of communication between sensor node, mobile agent and base station. The proposed architecture should cover the mobility of sensor nodes in which a new layer of mobile nodes is introduced. It is envisaged that in the near future, very large scale networks consisting of both mobile and static nodes will be deployed for applications ranging from environmental monitoring to military applications [5] . For larger networks, this hierarchical based clustering network could save a tremendous amount of energy [18] . The hierarchical based clustering architecture as can be seen in Figure 1 comprises of three different layers, layer 1 being the static sensor nodes, layer 2 are the mobile agents and layer 3 is where the base station is positioned. This three-tier architecture proposed can be a potential solution to handle routing holes as well as efficient handling of energy consumption is sensor networks. Figure 2 shows a general architecture of BIMAS in detail, depicting how sensor nodes are deployed, the formation of clusters, co-ordination of cluster head, deployment of mobile agent and the position of base station. Sensors within the cluster collects data from the event, forwards sensed data to the cluster head. As mobile agent is always in the moving position, it detects the presence of clusters, and initiates a connection with the cluster head. Cluster head then forwards sensed data to the mobile agent. Once no more data to be collected, mobile agent then moves to other clusters to perform the same operation before relaying the aggregated data to the base station.
Operation of BIMAS architecture is inspired by plant based biological system which gives rise to the introduction of mobile agent and visiting nature of mobile agent from cluster to cluster when scarce information is available at any cluster. The neighbour discovery mechanism and defence mechanism among sensor nodes is also inspired by plant biology mechanism, more specifically the communication within the information superhighway at the plant rhizosphere. The following section discusses in detail the nature inspired mechanism and the mapping towards wireless sensor network for self-healing purpose. The nature inspired framework for self-healing in terms of energy efficiency in wireless sensor network is discussed in detail with the idea of new protocol.
B. Nature-Inspired Framework
Biological systems are natural systems which is able to handle many of these challenges with intelligence still far beyond current human life. Most of the desired features have been refined by life over the last centuries, generating living organisms that are able to autonomously repair themselves when damaged, produce emergent behaviour, by surviving even with drastic change in the environment. All these beauty of biological systems have created interest in the area of bioinspired computing [7] . The idea of looking into nature for inspirational solution and applying into communication systems are not something new. [8] have applied the bee colonization mechanism into bio-inspired autonomous networking systems. The biological system can be mapped well to communication system and more applicably to the focus of this paper on self-healing characteristics. The mechanisms in this context include balance on the internal equilibrium (homeostasis) and on the self-organization mechanisms. The architecture proposed in this paper is a new idea of getting a new inspiration from plant biology is applied into communication system. Advances in the field of plant cell biology, molecular biology, and ecology have created a mass collection of data and new findings. [10] [11] [12] [13] [14] . Plants acquire information from their abiotic environment for their survival, relating to light and gravity. Plants continuously and actively sense the environment that can store and retrieve memories. These interesting characteristics of plant biology (botany) has brought into attention of the inspiration of this paper to apply plant bio-inspired mechanism into self-healing wireless sensor network [15] [16] .
As can be seen in figure 3 , the plant based biologically inspired mechanism consists of three layers as is proposed in figure 2 for sensor network. i) layer 1 consists of plants with its root mechanism and coordination with the rhizoshere , ii) layer2 consists of the communication of the plant with the microb organisms in the rhizosphere and iii) layer 3 consists of communication of the microb organisms with the base station. This architecture is well mapped to the sensor network(discussed in section c) in which the plant system is associated with sensor nodes and microb organism is associated with the mobile agent. 
C. Mapping of plant biology with sensor network

PLANT BIOLOGY SENSOR NETWORK
Some researchers speculate that plants communicate through their roots, identifying themselves using tiny chemical signatures specific to each plant's family. A chemotactic responds towards root-secreted organic and amino acids is the first step in root colonization [19] .
Sensor nodes communicate with each other through communication message for neighborhood detection as well as to form a cluster within the same group of sensor nodes by a form of communication message among them.
Plant roots have evolved a range of mechanisms for increasing the availability of phosphorous (P), including the increased exudation of organic acids, the release of enzymes (particularly acid phosphatases) and the production of root clusters (proteoid roots), allowing plants to survive in P-deficient soils [20] .
Sensor nodes have survival capability to survive in any environment that is prone to natural disaster, hazard situations etc.
Plants actively experience environment and can both store and retrieve memories [21] [22].
Sensors actively sense the environment and have the capability to store the data and retrieve back.
Plants have a vast vocabulary of signals and responses. They can detect the signs of a change in their environment and adjust their metabolism to anticipate its effects. They have finely tuned senses for signs of environmental stress which can compensate for its effects [23] .
Sensors have the capability to detect events or unwanted behaviour in the environment they perceive. They can adjust their radio transmission range in order to safeguard their resources (energy).
The ability to secrete a vast array of compounds into the rhizosphere is one of the most remarkable metabolic features of plant roots, with nearly 5% to 21% of all photosynthetically fixed carbon being transferred to the rhizosphere through root exudates [24] .
Plant senses its environment, collect the data and sends a message to mobile agent in order to forward the data to base station.
In soils, many bacteria are able to move short distances by actively swimming, but most move passively by moving soil water.
Mobile agents are always on the move seeking for information or sensed data from sensor nodes. They roam around the sensor area to collect data and move back to base station to forward the data. In order to be competitive with other soil and rhizosphere microbes, including those that are plant pathogenic, many bacteria and fungi have evolved strong survival mechanisms. These include a high competitive ability to capture root exudates and other food sources, competition for space, production of antibiotic compounds that can inhibit their competitors, or actual parasitism of other microorganisms.
Mobile agent is considered stronger than sensor nodes due to their mobile capability and requires higher energy, processing power and memory.
There are mycorrhizal associations between plants and fungi, in which a fungus colonises the roots of a host plant. These relationships bring a number of benefits. Not only to do the fungi process wastes in the soil and recycle them as foodstuff for the growing plant, but the interchange of compounds between fungus and plant provides many opportunities for communication and the transmission of warning signals [25] .
Mobile agent and sensor nodes continuously communicate with each other through a communication medium in order to exchange data about any abnormal behaviour of the environment.
Root-microbe communication as a means of establishing symbiotic relationships. Plants depend on the ability of roots to communicate with microbes. The converse is also true; many bacteria and fungi are dependent on associations with plants that are often regulated by root exudates. Some bacteria and fungi have co-evolved with plants into mutually beneficial relationships, for example the nitrogen-fixing bacteria that nodulate roots of certain plants such as legumes, or the various mycorrhizal fungi that form beneficial associations with the majority of plant species [26] .
Sensors and mobile agents communicate with each other in order to forward the sensed data to the base station. The communication usually takes place as an electrical message that travels between these nodes.
III. CONCLUSION
The proposed architecture using plant-based biologically inspired concept of adopting mobility of sensor node could be a potential solution in handling energy utilization of sensor network. The use of mobile agent for forwarding sensed data to the base station can help to preserve energy at sensor nodes, especially nodes closer to the base station. In the earlier architectures proposed, sensor nodes closer to the base station are utilized the most and becomes the victim of energy depletion. Energy depletion at this node causes routing holes near the base station and causes network failure. This avoids subsequent nodes from sending sensed data to the base station. The proposed architecture can handle the issues discussed above efficiently and this can be proven with further simulation and results collected. The simulation results and findings will be discussed in the next paper.
